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(54) Color filter, display device using a color filter, apparatus comprising such a display 
device, and color filter manufacturing method and apparatus using an ink-jet 



(57) A method for manufacturing a color filter by 
coloring a large number of filter elements on a substrate 
respectively in a predetermined color. A filter element is 
colored while ink-jet head nozzle and the filter element 
are aligned. The method comprises a detection step for 
detecting the position of the filter element, a correction 
step of correcting a relative position of the filter element 



and a discharge nozzle for discharging coloring material, 
based on position information of the filter element detect- 
ed at the detection step, so that the filter element and the 
discharge nozzle are aligned, and a coloring step of 
coloring the filter element by discharging the coloring 
material by the discharge nozzle. 
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Description 

BACKGROUND OF THE INVENTION 
[FIELD OF THE INVENTION] 

This invention relates to a color filter manufactured 
by coloring a number of filter elements on a substrate, 
partitioned by a light-shielding portion of a predeter- 
mined pattern formed on the substrate, a display device 
using the color filter, an apparatus comprising the display 
device, an ink-jet head, and a method and apparatus for 
manufacturing the color filter. 

With recent advances in personal computers, espe- 
cially portable personal computers, the demand for liquid 
crystal displays tends to rise, especially color liquid crys- 
tal displays. However, in order to further popularize the 
use of liquid crystal displays, a reduction in cost must be 
achieved. Especially, it is required to reduce the cost of 
a color filter which occupies a large proportion of the total 
cost. Various methods have been tried to satisfy the re- 
quired characteristics of color filters while meeting the 
above requirements. However, method capable of satis- 
fying all the requirements has not been established. The 
current methods will be described below. 

The first method is a coloring method, which is the 
most popular method. In the coloring method, a wa- 
ter-soluble polymer material as a colorable material is 
coated on a glass substrate, and the coating is patterned 
into a desired shape by a photolithography process. The 
obtained pattern is dipped in a color bath to obtain a 
colored pattern. This process is repeated three times to 
form R, G : and B color filter layers. 

The second method is a pigment dispersion method, 
which is currently replacing the coloring method. In this 
method, a pigment-dispersed photosensitive resin layer 
is formed on a substrate and patterned into a single-color 
pattern. This process is repeated three times to obtain 
R, G and B color filter layers. 

The third method is an electrodeposition method. In 
this method : a transparent electrode is patterned on a 
substrate, and the resultant structure is dipped in an 
electrodeposition coating fluid containing a pigment, a 
resin, an electrolyte : and the like to be colored in the first 
color by electrodeposition. This process is repeated 
three times to form R, G and B color filter layers. Finally, 
these layers are calcined. 

The fourth method is a printing method of dispersing 
a pigment in a thermosetting resin, performing a print op- 
eration three times to form R : G and B coatings sepa- 
rately, and thermosetting the resins, thereby forming 
colored layers. In the above methods, a protective layer 
is generally formed on the colored layers. 

The point common to these methods is that the 
same process must be repeated three times to obtain 
layers colored in three colors, i.e., R, G and B. This re- 
sults in an increase in cost. In addition, as the number of 
processes increases, the yield decreases. In the elec- 



trodeposition method, limitations are imposed on pattern 
shapes which can be formed. For this reason, with the 
existing techniques, this method cannot be applied to 
TFTs (thin film transistors). In the print method, a pattern 
5 with a fine pitch cannot be formed because of poor res- 
olution and unevenness. 

In order to eliminate these drawbacks, methods of 
manufacturing color filters by an ink-jet systems are dis- 
closed in Japanese Patent Laid-Open Nos. 59-75205, 
63-235901, 1-217320 and 4-123005. 

In the above manufacturing methods by the conven- 
tional ink-jet systems, an ink-jet head is scanned on a 
substrate to color a number of filter elements. However, 
these methods have a problem in that positions of filter 
elements are slightly shifted from coloring dot positions 
of the ink-jet head, because in these methods, change 
of intervals between the filter elements and change of 
arrangement of the filter elements, due to temperature 
change and temperature distribution of substrate, are not 
considered. This causes white omissions and other 
problems in the filter elements. 

SUMMARY OF THE INVENTION 

The present invention has been made in considera- 
tion of the above situations, and its object is to provide 
a color filter, manufactured by coloring filter elements 
while maintaining positions of ink-jet head and those of 
filter elements exactly aligned, a color display using the 
color filter, a method and apparatus for manufacturing 
the color filter. 

According to the present invention, the foregoing ob- 
ject is attained by providing a color-filter manufacturing 
method for manufacturing a color filter by coloring a large 
number of filter elements respectively in a predetermined 
color, on a substrate, comprising: 

a detection step of detecting a position of a filter 
element on the substrate; 

a correction step of correcting a relative position of 
the filter element and a discharge nozzle for discharging 
coloring material so that the filter element and the dis- 
charge nozzle are aligned, based on position information 
of the filter element detected at the detection step: and 
a coloring step of coloring the filter element by dis- 
charging the coloring material from the discharge nozzle, 
at a position after correction of the relative position at the 
correction step, to the filter element. 

Further, the present inventino provides a color-filter 
manufacturing apparatus for manufacturing a color filter 
by coloring a large number of filter elements, respectively 
in a predetermined color, on a substrate, comprising: 

a discharge nozzle for discharging coloring mate- 
rial to color the filter element; 

moving means for moving the discharge nozzle or 
the substrate, relatively to each other; 

a first position-detection sensor, at which a relative 
position of the filter element and the discharge nozzle is 
set in advance, integrally provided with the discharge 
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nozzle: and 

control means for controlling the moving means so 
that the filter element and the discharge nozzle are 
aligned ! based on position information of the filter ele- 
ment detected by the first position-detection sensor, and 
controlling the discharge nozzle to discharge the coloring 
material, in a state where the filter element and the dis- 
charge nozzle are aligned, to color the filter element. 

Further, the present inventino provides an ink-jet 
head for coloring a large number of filter elements, re- 
spectively in a predetermined color, on a substrate, by 
discharging coloring material, comprising: 

a discharge nozzle for discharging the coloring ma- 
terial; and 

detection means for detecting a relative position of 
the discharge nozzle and the filter element. 

Further, the present invention provides a color filter 
manufactured by coloring a large number of filter ele- 
ments ! respectively in a predetermined color, on a sub- 
strate, the color filter being manufactured by a method 
comprising: 

a detection step of detecting a position of a filter 
element on the substrate; 

a correction step of correcting a relative position of 
the filter element'and a discharge nozzle for discharging 
coloring material so that the filter element and the dis- 
charge nozzle are aligned, based on position information 
of the filter element detected at the detection step: and 

a coloring step of coloring the filter element by dis- 
charging the coloring material from the discharge nozzle, 
at a position after correction of the relative position at the 
correction step, to the filter element. 

Further, the present invention provides a display de- 
vice having a color filter manufactured by coloring a large 
number of filter elements, respectively in a predeter- 
mined color, on a substrate, comprising: 

the color filter being manufactured by a method 
comprising: 

a detection step of detecting a position of a 
filter element on the substrate; 

a correction step of correcting a relative po- 
sition of the filter element and a discharge nozzle for dis- 
charging coloring material so that the filter element and 
the discharge nozzle are aligned, based on position in- 
formation of the filter element detected at the detection 
step; and 

a coloring step of coloring the filter element 
by discharging the coloring material from the discharge 
nozzle, at a position after correction of the relative posi- 
tion at the correction step, to the filter element; and 

light-amount varying means for varying amount of 
light, integrally used with the color filter. 

Further the present invention provides an apparatus 
comprising a display device having a color filter manu- 
facture by coloring a large number of filter elements, re- 
spectively in a predetermined color, on a substrate, com- 
prising: 

the display device comprising: 
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the color filter being manufactured by a meth- 
od comprising: 

a detection step of detecting a position of a 
filter element on the substrate; 
5 a correction step of correcting a relative po- 

sition of the filter element and a discharge nozzle for dis- 
charging coloring material so that the filter element and 
the discharge nozzle are aligned, based on position in- 
formation of the filter element detected at the detection 
10 step; and 

a coloring step of coloring the filter element 
by discharging the coloring material from the discharge 
nozzle, at a position after correction of the relative posi- 
tion at the correction step, to the filter element; and 

is light-amount varying means for varying amount of 

light, integrally used with the color filter: and 

image-signal supply means for supplying an image 
signal to the display device. 

Other features and advantages of the present inven- 

20 tion will be apparent from the following description taken 
in conjunction with the accompanying drawings, in which 
like reference characters designate the same name or 
similar parts throughout the figures thereof. 

Other objects and advantages besides those dis- 

25 cussed above shall be apparent to those skilled in the 
art from the description of a preferred embodiment of the 
invention which follows. In the description, reference is 
made to accompanying drawings, which form a part 
thereof, and which illustrate an example of the invention. 

30 Such example, however, is not exhaustive of the various 
embodiments of the invention, and therefore reference 
is made to the claims which follow the description for de- 
termining the scope of the invention. 

35 BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporat- 
ed in and constitute a part of the specification, illustrate 
embodiments of the invention and, together with the de- 
40 scription, serve to explain the principles of the invention. 

Fig. 1 is a partial enlarged view showing a color filter 
manufactured by a manufacturing method and 
apparatus according to the present invention; 

45 

Fig. 2 is a cross-sectional view showing the color fil- 
ter in Fig. 1 ; 

Fig. 3 is a perspective view showing the structure of 
50 an ink-jet head UH for spraying ink on a layer to be 
colored; 

Fig. 4 is a perspective view showing the arrange- 
ment of an apparatus for manufacturing the color fil- 
55 ter shown in Figs. 1 and 2: 

Fig. 5 is a block diagram showing the construction 
of the color filter manufacturing apparatus; 
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Figs. 6 and 7 are partial enlarged view showing the 
positional relation between discharge nozzles and 
filter elements in a case where the filter elements on 
a substrate are colored by the ink-jet head UH; 

Figs. 8 and 9 are explanatory views respectively 
showing a case where the substrate has uneven 
temperature distribution and the arrangement of the 
filter elements is distorted; 

Figs. 1 0 and 1 1 are explanatory view showing a case 
where the substrate is attached slanted with respect 
to an XY table; 

Fig. 12 is a partial enlarged view showing a color 
filter having filter elements of the same color in each 
main-scanning line; 

Fig. 13 is a perspective view showing the arrange- 
ment of the ink-jet head according to another 
embodiment; 

Figs. 14 and 15 are cross-sectional views showing 
the structure of a color liquid crystal panel; 

Fig. 16 is a block diagram showing the construction 
of an information processing apparatus using the liq- 
uid crystal panel; 

Fig. 17 is a perspective view showing the overview 
of the information processing apparatus; and 

Fig. 18 is a perspective view showing the construc- 
tion of the information processing apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of the present invention will 
now be described in detail in accordance with the accom- 
panying drawings. 

[First Embodiment] 

Fig. 1 is a partial enlarged view showing a color filter 
manufactured by a manufacturing method according to 
a first embodiment of the present invention. 

A color filter 10 is mounted on the front surface of a 
color liquid crystal display or the like used for a portable 
personal computer or the like. At the rear-surface side, 
so-called "}backlight tt } as a light source is provided, and 
picture elements such as liquid crystal shutters, for con- 
trolling transmission light in accordance with applied volt- 
ages, are provided between the filter 10 and the back- 
light. As shown in Fig. 1, the filter elements 10a colored 
in R (red), G (green) and B(blue) are two-dimensionally 
arranged in a matrix form. A black light-shielding grating 
10b is formed between the filter elements 10a to make 



the boundaries between the filter elements 10a clear so 
as to provide a clear screen. 

Fig. 2 is a cross-sectional view showing the color fil- 
ter 1 0 in Fig. 1 . The light-shielding grating 1 0b is formed 

5 on a glass substrate 1 2 constituting the main body of the 
color filter 10. The filter elements 10a of the respective 
colors are formed on the light-shielding grating 10b. 

In manufacturing the color filter 10, chromium is de- 
posited on the glass substrate 12 by sputtering, and the 

w resultant film is formed into a matrix pattern by photoli- 
thography. This pattern is the light-shielding grating 10b. 
A layer 14, comprising cellulose, acrylic resin, gelatin or 
the like, to be colored is formed on the light-shielding 
grating 10b. Droplets (to be refered as "ink") containing 

*5 coloring material (dye) are sprayed on the filter element 
formation areas of the layer 14 by a recording head of 
the ink-jet system. With this process, the layer 1 4 is color- 
ed to form the color filter elements 1 0a. Note that if drop- 
lets of dispersed pigment is sprayed instead of coloring 

20 material, the layer 14 may be omitted. 

As shown in Fig. 14, generally, a color liquid crystal 
panel is formed by joining the color filter substrate 1 2 to 
a counter substrate 254 and sealing a liquid crystal com- 
pound 252 therebetween. TFTs (not shown) and trans- 

25 parent pixel electrodes 253 are formed on the inner sur- 
face of one substrate 254 of the liquid crystal panel in a 
matrix form. The color filter 10 is placed on the inner sur- 
face of the other substrate 12 such that the R, G and B 
coloring materials are positioned to oppose the pixel 

30 electrodes. A transparent counter electrode (common 
electrode) 250 is formed on the entire surface of the color 
filter 10. The light-shielding grating 10b is generally 
formed on the color filter substrate 1 2 side (see Fig. 1 4). 
However, in a BM (black matrix) on-array type liquid crys- 

35 tal panel, the grating is formed on the TFT side opposing 
the color filter substrate (see Fig. 15). Aligning films 251 
are formed within the planes of the two substrates. By 
performing a rubbing process for the aligning films 51, 
the liquid crystal molecules can be aligned in a predeter- 

40 mined direction. Polarizing plates 255 are bonded to the 
outer surface of the respective glass substrates. The liq- 
uid crystal compound 252 is filled in the gap (about 2 to 
5 mm) between these glass substrates. As a backlight, 
a combination of a fluorescent lamp (not shown) and a 

45 scattering plate (not show) is generally used. A display 
operation is performed by causing the liquid crystal com- 
pound to serve as an optical shutter for changing the 
transmittance for light emitted from the backlight. 

A case where the above liquid crystal panel is ap- 

50 plied to an information processing apparatus will be de- 
scribed below with reference to Figs. 16 to 18. 

Fig. 16 is a block diagram showing the schematic 
construction of an information processing apparatus 
serving as a word processor, a personal computer, a fac- 

55 simile apparatus, and a copying machine, to which the 
above liquid crystal panel is applied. 

In Fig. 16, reference numeral 1801 denotes a con- 
troller for controlling the overall apparatus. The controller 
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1 801 includes a CPU such as a microprocessor and var- 
ious I/O ports, and performs control by outputting/input- 
ting control signals, data signals, and the like to/from the 
respective units. Numeral 1802 denotes a display unit 
fordisplaying various menus, document information, and 
image data read by an image reader 1807, and the like 
on the display screen; 1803, a transparent, pres- 
sure-sensitive touch panel mounted on the display unit 
1802. By pressing the surface of the touch panel 1803 
with a finger or the like, item-input operation, coordi- 
nate-position input operation or the like can be per- 
formed on the display unit 1802. 

Numeral 1804 denotes an FM (frequency modula- 
tion) sound source for storing music information, created 
by a music editor or the like, in a memory unit 1810 or 
an external memory unit 1812 as digital data, and read- 
ing out the information from such a memory, thereby per- 
forming FM modulation of the information. An electrical 
signal from the FM sound source 1804 is converted into 
an audible sound by a speaker 1805. A printer 1806 is 
used as an output terminal for the word processor, the 
personal computer, the facsimile apparatus, and the cop- 
ying machine. 

Numeral 1807 denotes an image reader for photoe- 
lectrical^ reading original data. The image reader 1807 
is arranged midway along the original convey passage 
and designed to read originals. It performs facsimile and 
copy operations and other various originals. 

Numeral 1 808 denotes a transmitter/receiver for the 
facsimile apparatus. The transmitter/receiver 1808 
transmits original data read by the image reader 1 807 by 
facsimile, and receives a facsimile signal and decodes 
the signal. The transmitter/receiver 1808 has an inter- 
face function for external units. Numeral 1809 denotes 
a telephone having a general telephone function as well 
as various other telephone functions such as an answer- 
ing function. 

Numeral 1810 denotes a memory including a ROM 
for storing system programs, manager programs, appli- 
cation programs, fonts, and dictionaries, a RAM for stor- 
ing an application program loaded from the external stor- 
age device 1812 and document information, a video 
RAM, and the like. 

Numeral 1811 denotes a keyboard for inputting doc- 
ument information and various commands. 

Numeral 1812 denotes an external memory using a 
floppy disk, a hard disk, and the like as a storage medi- 
um. The external storage device 1812 serves to hold 
document information, music and speech information, 
application programs of the user, and the like. 

Fig. 17 is a perspective view of the information 
processing apparatus in Fig. 16. 

In Fig. 1 7, numeral 1 901 denotes a flat panel display 
using the above liquid crystal panel, which displays var- 
ious menus, graphic pattern information, document in- 
formation, and the like. Coordinate-input or item-desig- 
nation input operation can be performed on the flat panel 
display 1901 by pressing the surface of the touch panel 
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1803 with a finger or the like. Numeral 1902 denotes a 
handset used when the apparatus is used as a telephone 
set. A keyboard 1903 is detachablly connected to the 
main body via a cord and is used to perform various doc- 

5 ument functions and input various data. This keyboard 
1 903 has various function keys 1 904. Numeral 1 905 de- 
notes an insertion port through which a floppy disk is in- 
serted into the external storage device 1812. 

Numeral 1 906 denotes an original table on which an 

10 original to be read by the image reader unit 1807 is 
placed. The read original is discharged from the rear por- 
tion of the apparatus. In facsimile receiving operation, 
received data is printed out by an ink-jet printer 1907. 
When the above information processing apparatus 

is is to serve as a personal computer or a word processor, 
various kinds of information input through the keyboard 
1811 are processed by the controller 1801 in accordance 
with a predetermined program, and the processed infor- 
mation is output, as an image, to the printer 1806. 

20 When the information processing apparatus is to 
serve as the receiver of the facsimile apparatus, facsim- 
ile information input through the transmitter/receiver 
1808 via a communication line is subjected to reception 
processing in the controller 1801 in accordance with a 

25 predetermined program, and the resultant information is 
output, as a received image, to the printer 1806. 

When the information processing apparatus is to 
serve as the copying machine, an original is read by the 
image reader unit 1 807, and the read original data is out- 

30 put, as an image to be copied, to the printer unit 1806 
via the controller 1801. Note that when the information 
processing apparatus is to serve as the receiver of the 
facsimile apparatus, original data read by the image 
reader 1807 is subjected to transmission processing in 

35 the controller 1801 in accordance with a predetermined 
program, and the resultant data is transmitted to a com- 
munication line via the transmitter/receiver 1808. 

Note that the above information processing appara- 
tus may be designed as an integrated apparatus incor- 

40 porating an ink-jet printer in the main body, as shown in 
Fig. 18. In this case, the portability of the apparatus can 
be improved. The same reference numerals in Fig. 18 
denote parts having the same functions as those in Fig. 
17. 

45 Fig. 3 shows the structure of an ink-jet head IJH for 
spraying ink on the layer 1 3 in the color filter as described 
above. 

In Fig. 3, the ink-jet head IJH mainly comprises a 
heater board 104 as a board on which three heaters 

50 1 02a, 102b and 102c (respectively correspond to R, G 
and B colors) for heating an ink are formed, and a top 
plate 106 mounted on the heater board 104. Three dis- 
charge orifices 108a, 108b and 108c are formed in the 
top plate 106, and tunnel-like ink channels 110a, 110b 

55 and 110c are formed therebehind. The respective ink 
channels 110a, 110b and 110c are connected to ink 
chambers 1 1 4a, 1 1 4b and 1 1 4c at the rear side. For ex- 
ample, the ink chamber 1 1 4a is supplied with red (R) ink 
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from a ink supply orifice 116a; the ink chamber 114b is 
supplied with green (G) ink from an ink supply orifice 
1 1 6b; and the ink chamber 1 1 4c is supplied with blue (B) 
ink from an ink supply orifice 1 1 6c. The R, G and B inks 
supplied to the ink chambers 114a, 114b and 114c are 
respectively discharged from the discharge orifices 
108a, 108b and 108c via the ink channels 110a, 110b 
and 110c. 

As described above, the heaters 102a, 102b and 
102c for heating ink are provided at the positions corre- 
sponding to the ink channels 110a, 11 0b and 110c on the 
heater board 104. When a predetermined drive pulse is 
supplied to the heaters 1 02a, 1 02b and 1 02c, inks on the 
heaters 102a, 102b and 102c are boiled to produce bub- 
bles, and the inks are pushed and discharged from the 
discharge orifices 1 08a, 1 08b and 1 08c upon volume ex- 
pansion of the inks. Therefore, the size of the bubbles 
can be adjusted by controlling the drive pulse applied to 
the heaters 102a, 102b and 102c, e.g., controlling the 
magnitude of power. That is, the volume of the ink dis- 
charged from the discharge orifices 1 08a, 1 08b and 1 08c 
can be arbitrarily controlled. Also, ink-discharge timing 
can be arbitrarily controlled by adjusting drive-pulse gen- 
eration timing. 

Light position sensors 120a1 to 120a3, 120b1 to 
120b3and 120c1 to 120c3 for detecting the central po- 
sitions of the filter elements 10a are provided around the 
respective discharge orifices on the front surface of the 
ink-jet head IJH. The light position sensors respectively 
comprise a light-reflecting type sensor having a line sen- 
sor such as a CCD and a light-emitting device adjacent 
to the line sensor. As the light-emitting device emits light 
and the line sensor receives the reflected light, the cen- 
tral position of the filter element 10a is detected from the 
amount of the received light. The relative positions of the 
light position sensors and the discharge orifices 108a, 
108b and 108c are exactly set in advance, accordingly, 
the central positions of the discharge orifices 1 08a , 1 08b 
and 108c can be aligned to positions above the central 
positions of the filter elements 10a detected by the light 
position sensors 120a1 to 120a3, 120b1 to 120b3and 
120c1 to 120c3. 

Around the discharge orifices 1 08a, 1 08b and 1 08c, 
distance sensors 122a, 122b and 122c which are 
non-contact type sensors, e.g. capacity type sensors or 
light sensors are provided for detecting the distances be- 
tween the discharge orifices 108a, 108b and 108c and 
the layer 14 to be colored. To control the distances be- 
tween the discharge orifices and the layer 14 detected 
by the distance sensors to be constant, feedback oper- 
ation is performed to make period of flight of ink droplets 
fixed. This prevents degradation of precision of ink-ap- 
plication on the layer 14. 

Next, Fig. 4 shows the arrangement of an apparatus 
for manufacturing the color filter shown in Figs. 1 and 2. 

In Fig. 4, an apparatus 20 comprises an XY table 22 
mounted on a base (not shown) and movable in the X 
and Y directions, and an ink-jet. head IJH fixed on the 



base via a support member (not shown) above the XY 
table 22. A glass substrate 12, on which the light-shield- 
ing grating 1 0b and the layer 1 4 (see Fig. 2) to be colored 
are formed by the above method, is placed on the XY 

s table 22. As described in Fig. 3, the ink-jet head IJH has 
the discharge orifice 1 08a for discharging red (R) ink, the 
discharge orifice 1 08b for discharging green (G) ink and 
the discharge orifice 108c for discharging blue (B) ink. 
The discharge orifices 108a, 108b and 108c can inde- 

10 pendently discharge ink. Around the respective dis- 
charge orifices 108a : 108b and 108c, the light position 
sensors 120a1 to 120a3 : 120b1 to 120b3and 120c1 to 
120c3, and the distance sensors 122a, 122b and 122c 
are provided. 

is in the manufacturing apparatus 20 having the above 
arrangement, R, G or B ink is discharged into a desired 
frame of the light-shielding grating 1 0b while the XY table 
moves in the X and Y directions with respect to the ink-jet 
head IJH. In this manner, each frame of the light-shield- 

20 ing grating 10b is colored to complete a color filter. At 
this time, the light position sensors 120a1 to 120a3, 
120b1 to 120b3 and 120c1 to 120c3 detect the central 
positions of the filter elements 10a, and the coloring is 
performed such that the central position of the discharge 

25 orifice 1 08a, 1 08b or 1 08c coincides with the central po- 
sition of the filter element 10a. This enables to discharge 
ink exactly to the center of the filter element 10a even if 
the glass substrate 12 is deformed due to, e.g., temper- 
ature change and the pitch between the filter elements 

30 10a is changed. Further, the distance sensors 122a, 
122b and 122c detect the distances between the glass 
substrate 12 and the discharge orifices 108a, 108b and 
108c, to move the ink-jet head IJH up/down so that the 
distances are always constant, which prevents shifting 

35 of ink-application position. 

Fig. 5 is a block diagram showing the construction 
of the manufacturing apparatus 20. 

In Fig. 5, X- and Y-direction drive motors 36 and 38 
for driving the XY table 22 in the X and Y directions are 

40 connected to a CPU 30 which controls the overall oper- 
ation of the manufacturing apparatus 20, via X- and 
Y-motor drivers 32 and 34. The CPU 30 is also connect- 
ed to the ink-jet head IJH via a head driver 40. Further- 
more, X and Y encoders 42 and 44 for detecting the po- 

45 sition of the XY table 22 is connected to the CPU 30. 
With this arrangement, position information on the XY 
table 22 is input into the CPU 30. Also, a control program 
in a program memory 46 is inputted into the CPU 30. The 
CPU 30 moves the XY table 22 in accordance with this 

50 control program and position information from the X and 
Y encoders 42 and 44. With this operation, a desired 
grating frame on the glass substrate 1 2 is brought to a 
position below the ink-jet head IJH, and ink having a de- 
sired color is discharged into the frame to color it. A color 

55 filter is manufactured by performing this operation for 
each filter element 10a. 

It should be noted that the CPU 30 is connected to 
the distance sensors 122a, 122b and 122c via an A/D 
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converter 49, and that the CPU 30 controls a head 
up/down mechanism 48 for moving the ink-jet head IJH 
upward/downward based on distance information from 
the distance sensors, so as to slightly adjust the distanc- 
es between the discharge orifices 108a, 108b and 108c 
of the ink-jet head IJH and the glass substrate 1 2 to con- 
stant values. The CPU 30 slightly adjusts the position of 
the XY table 22 based on information from the light po- 
sition sensors 120a1 to 120a3, 120b1 to 120b3 and 
120c1 to 120c3, so as to bring the position of the dis- 
charge orifices 1 08a, 1 08b and 1 08c to the central posi- 
tions of the filter elements 10a (so-called "Jtracking con- 
trol"}). 

Next, a concrete method for the tracking control will 
be described with reference to Figs. 6 and 7. 

Figs. 6 and 7 are partial enlarged views showing the 
positional relation between discharge nozzles and the fil- 
ter elements 10a in a case where the filter elements on 
the substrate 1 2 are colored by the ink-jet head IJH. Note 
that the ink-jet head IJH has the three discharge orifices 
108a, 108b and 108c, but the same tracking operation 
is commonly used for the respective discharge orifices, 
therefore, only the tracking control for the discharge or- 
ifice 1 08a for discharging red ink will be described below. 

I n Figs. 6 and 7, alternate long and two short dashed 
lines indicate the red-ink discharge orifice 108a posi- 
tioned above the filter element 1 0a (R) to be colored red, 
the light position sensors 120a1 to 120a3 and the dis- 
tance sensor 1 22a provided around the discharge orifice 
1 08a. An arrow A indicates a moving direction of the XY 
table 22 (i.e., substrate 12). That is, the ink-jet head IJH 
colors the filter elements 10a while moving relatively to 
the substrate 12 in an direction opposite to the arrow A 
direction (main-scanning). 

Upon this main-scanning, an output signal from, 
e.g., the light position sensor 120a1 as shown in Figs. 6 
and 7 enters the CPU 30. That is, light emitted from the 
light-emitting device of the light position sensor 120a1 
toward the substrate 1 2 passes through the filter element 
10a, but is reflected by the light-shielding grating 10b s 
then the reflected light enters the light sensor such as a 
CCD line sensor. Accordingly, at the central portion of 
the light-shielding grating 10b, the amount of reflected 
light received by the light sensor is the greatest, while at 
the central portion of the filter element 10a, the amount 
of reflected light is the minimum. When the amount of 
reflected light is large, the pixel of the line sensor outputs 
a high voltage, while when the amount of reflected light 
is small, the line sensor pixel outputs a low voltage. The 
output is inverted by an inverter (not shown), and the in- 
verter outputs, when the amount of reflected light is 
large, a low voltage, while when the amount of reflected 
light is small, a high voltage. The output voltage is con- 
verted by an A/D converter 47 into a digital signal and 
inputted into the CPU 30. A signal waveform of the digital 
signal inputted into the CPU 30 is as shown in Figs. 6 
and 7. 

In Fig. 6, in the position-detection system having the 



above construction, if the central position of the dis- 
charge orifice 108a is shifted from the center line I of the 
filter element 10a (R), a pixel S1 of the line sensor at a 
position opposing to the central position of the discharge 

5 orifice 108a outputs an output signal P1 . A pixel S2 po- 
sitioned below the pixel S1 outputs an output signal P2 
that has a value smaller than that of the signal P1 ; a pixel 
S3 above the pixel S1 outputs an output signal P3 that 
has a value greater than that of the signal P1. Accord- 

w ingly, the CPU 30 compares the signal P1 from the pixel 
S1 with the signal P2 from the pixel S2 and the signal P3 
from the pixel S3, to determine the direction in which the 
discharge orifice is shifted from the central position of the 
filter element 1 0a (R). In Fig. 6, the CPU determines that 

is the pixel S1, i.e., the discharge orifice 108a is shifted 
downward from the central position of the filter element 
10a (R). Then the CPU 30 performs slight adjustment of 
the XY table 22 to move the substrate 12 downward in 
Fig. 6. 

20 in this manner, as slight adjustment of the substrate 
12 position moves the center line I of the filter element 
10a to a position aligned with the central position of the 
discharge orifice 108a. As. shown in Fig. 7, the central 
position of the discharge orifice 1 08a comes to the posi- 
es tion exactly above the center line I of the filter element 
10a, the pixel S1 outputs an output signal P4 corre- 
sponding to the peak of the output signal waveform. The 
CPU 30 detect that the central position of the discharge 
orifice 108a and that of the filter element 10a (R) -are 

30 aligned and stops the motion of the XY table 22 in a sub- 
scanning direction. 

As described above, the CPU 30 performs tracking 
by comparing the output signal from the pixel S1 corre- 
sponding to the discharge orifice 108a position with the 

35 output signals from the adjacent pixels S2 and S3, and 
aligns the central position of the discharge orifice 108a 
with that of the filter element 10a (R). 

Note that the light position sensor 120a2 can also 
detect the central position of the filter element 10a (R). 

40 in a case where the discharge orifice 1 08a is scanned in 
a direction opposite to that in Fig. 6, an output signal from 
the light position sensor 120a2 is used for tracking. 

Further, the light position sensor 120a3 detects the 
position of the filter element 1 0a (R) in the main-scanning 

45 direction by a principle as described above. The CPU 30 
sets ink-discharge timing from these detection signals, 
and perform control so as not to shift ink-dot position from 
the filter element 10a (R). 

The distance sensor 122a always monitors the dis- 

50 tance between the discharge orifice 108a and the sub- 
strate 12, and the CPU 30 controls the head up/down 
mechanism 48 based on detection signals from the dis- 
tance sensor 1 22a so as to maintain a constant distance 
between the discharge orifice 1 08a and the substrate 1 2. 

55 Note that in the present embodiment, the light posi- 
tion sensors are provided around the discharge orifices 
108a, 108b and 108c, by three sensors per one orifice. 
In this construction, tracking can be separately per- 
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formed for the respective discharge orifices. For this rea- 
son, in the case of Fig. 1 , where filter elements of three 
colors are arranged on one line in the main-scanning di- 
rection, it is effective to perform three tracking to color all 
the fitter elements on one line. For example, at the first 
scanning : to color only a red filter element, the light po- 
sition sensors 1 20a 1 to 1 20a3 are used for tracking con- 
trol; at the second scanning, to color only a green filter 
element, the light position sensors 120b1 to 120b3are 
used for tracking control; and at the third scanning, to 
color only the blue filter element, the light position sen- 
sors 1 20c1 to 1 20c3 are used for tracking control. In this 
manner the tracking controls for the respective dis- 
charge orifices are made using the light position sensors 
respectively provided around the discharge orifices. This 
improves tracking precision. 

Further, in a case of Fig. 1 2, where filter elements in 
one color are arranged on a main-scanning one line, the 
tracking control may be once instead of thrice as above. 
In Fig. 12, as the filter elements on the first line are red, 
the light position sensors 120a1 to 120a3 are used for 
tracking control; as the filter elements on the second line 
are green, the light position sensors 1 20b1 to 1 20b3 are 
used for tracking control; and as the filter elements on 
the third line are blue, the light position sensors 120c1 
to 120c3 are used for tracking control. In this manner, if 
the filter elements on one main-scanning line are in the 
same color, all the filter elements are colored at one 
scanning without degrading tracking precision. 

Figs. 8 and 9 are explanatory views respectively 
showing a case where the substrate has temperature 
distribution and the arrangement of the filter elements is 
distorted. 

In a conventional color-filter manufacturing appara- 
tus, as the position of the filter elements 10a are not de- 
tected, the filter element positions are shifted from color- 
ing positions, which results in defective product. On the 
other hand, in the present embodiment, tracking is per- 
formed following the arrangement of the filter elements 
10a, thus prevents defects in color filters due to shifted 
positions of filter elements and coloring positions. 

Figs. 10 and 11 are explanatory view showing a case 
where the substrate is attached slanted with respect to 
an XY table. 

Also in the conventional manufacturing apparatus, 
the positions of the filter elements 10a are shifted from 
coloring positions. On the other hand, as shown in Fig. 
1 1 , in the present manufacturing apparatus, the positions 
of filter elements and coloring positions coincide. Thus, 
the present embodiment avoids producing defective 
color filters. 

[Second Embodiment] 

Fig. 13 shows the construction of the ink-jet head 
IJH according to a second embodiment of the present 
invention. 

The ink-jet head IJH of this embodiment has a light 



position sensor 130 for tracking control at only one por- 
tion on the front side surface of the head. Except the light 
position sensor 130, the ink-jet head IJH has the same 
construction as that of the first embodiment. The light po- 

5 sition sensor 1 30 has the same construction of the light 
position sensor (e.g., 120a1 : 120a2 and 120a3) of the 
first embodiment, and operates in accordance with the 
same position-detection principle. 

In the second embodiment, the light position sensor 

10 130 at the head position in the main-scanning direction 
detects the position of uncolored filter element 10a, and 
tracking control of the ink-jet head IJH is performed 
based on the detected position. In this case, tracking pre- 
cision in tracking of the red discharge orifice 1 08a, which 

15 is the closest to the light position sensor 1 30, is the high- 
est. It is considered that the position of three filter ele- 
ments are substantially aligned on the same line even 
though the substrate 12 is distorted due to uneven tem- 
perature distribution, therefore, tracking precision in 

20 tracking of the green discharge orifice 1 08b and that the 
blue discharge orifice 108c are not degraded to a prob- 
lematic level. That is, this construction meets require- 
ments in color-filter manufacture in practice. Further, 
even if filter elements for a plurality of colors are arranged 

25 on one line, the tracking using only one light position sen- 
sor can color all the filter elements on one line at one 
scanning in the main-scanning direction. 

[Third Embodiment] 

30 

In a third embodiment, the ink-jet head IJH is the 
same as that of the second embodiment. The feature of 
the third embodiment is as follows. 

In the second embodiment, the position of filter ele- 

35 ment (e.g., a red filter element) real-timely detected by 
the light position sensor 130 is used as the positions of 
other filter elements (e.g., green and blue filter ele- 
ments). In this embodiment, a memory (not shown) for 
storing a detection signal from the light position sensor 

40 1 30 is provided. As the light position sensor 1 30 passes 
a filter element, the detection signal from the light posi- 
tion sensor 1 30 is stored into the memory. Then, the po- 
sitions of the other filter elements are exactly obtained 
from the data stored in the memory, thus tracking preci- 

45 sion can be improved. 

It should be noted that in the above description, the 
light-shielding grating 10b is formed on the glass sub- 
strate 1 2. However, as shown in Fig. 1 5, in a case where 
the light-shielding grating 10b is formed between a glass 

50 substrate 254 and a liquid crystal compound 252, track- 
ing control of the present invention can be applied. In this 
case, a pattern for position detection in tracking control 
may be formed on the substrate 12 in place of the 
light-shielding grating 10b. 

55 As described above, according to the present inven- 
tion, since the ink-jet head performs tracking following 
the positions of filter elements, even if the positions of 
filter elements are shifted due to, e.g., distortion of the 
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substrate, the positions of filter elements always coincide 
with those of coloring positions. 

Note that the present invention is applicable to fur- 
ther correction and modification to the above embodi- 
ment within its scope. 

For example, in the embodiments, the ink-jet head 
is fixed and the XY table is moved, however, the XY table 
may be fixed but the ink-jet head may be moved instead. 

Further, a piezo type head using mechanical energy 
converter such as a piezoid can be used as an ink-jet 
head. 

Further, the present invention is applicable to a mon- 
ochromatic color filter. 

Each of the embodiments described above has ex- 
emplified a printer, which comprises means (e.g., an 
electrothermal transducer, laser beam generator, and 
the like) for generating heat energy as energy utilized 
upon execution of ink discharge, and causes a change 
in state of an ink by the heat energy, among the ink-jet 
printers. According to this ink-jet printer and printing 
method, a high-density, high-precision printing operation 
can be attained. 

As the typical arrangement and principle of the 
ink-jet printing system, one practiced by use of the basic 
principle disclosed in, for example, U.S. Patent Nos. 
4,723,129 and 4,740,796 is preferable. The above sys- 
tem is applicable to either one of the so-called on-de- 
mand type or a continuous type. Particularly, in the case 
of the on-demand type, the system is effective because, 
by applying at least one driving signal, which corre- 
sponds to printing information and gives a rapid temper- 
ature rise exceeding film boiling, to each of electrother- 
mal transducers arranged in correspondence with a 
sheet or liquid channels holding a liquid (ink), heat ener- 
gy is generated by the electrothermal transducer to effect 
film boiling on the heat acting surface of the printhead, 
and consequently, a bubble can be formed in the liquid 
(ink) in one-to-one correspondence with the driving sig- 
nal. By discharging the liquid (ink) through a discharge 
opening by growth and shrinkage of the bubble, at least 
one droplet is formed. If the driving signal is applied as 
a pulse signal, the growth and shrinkage of the bubble 
can be attained instantly and adequately to achieve dis- 
charge of the liquid (ink) with the particularly high re- 
sponse characteristics. 

As the pulse driving signal, signals disclosed in U.S. 
Patent Nos. 4,463,359 and 4,345,262 are suitable. Note 
that further excellent printing can be performed by using 
the conditions described in U.S. Patent No. 4 : 3l3,124of 
the invention which relates to the temperature rise rate 
of the heat acting surface. 

As an arrangement of the printhead, in addition to 
the arrangement as a combination of discharge nozzles, 
liquid channels, and electrothermal transducers (linear 
liquid channels or right angle liquid channels) as dis- 
closed in the above specifications, the arrangement us- 
ing U.S. Patent Nos. 4,558,333 and 4,459,600, which 
disclose the arrangement having a heat acting portion 



arranged in a flexed region is also included in the present 
invention. In addition, the present invention can be effec- 
tively applied to an arrangement based on Japanese 
Patent Laid-Open No. 59-1 23670 which discloses the ar- 
s rangement using a slot common to a plurality of electro- 
thermal transducers as a discharge portion of the elec- 
trothermal transducers, or Japanese Patent Laid-Open 
No. 59-1 38461 which discloses the arrangement having 
an opening for absorbing a pressure wave of heat energy 
10 in correspondence with a discharge portion. 

Furthermore, as a full line type printhead having a 
length corresponding to the width of a maximum printing 
medium which can be printed by the printer, either the 
arrangement which satisfies the full-line length by corn- 
's bining a plurality of printheads as disclosed in the above 
specification or the arrangement as a single printhead 
obtained by forming printheads integrally can be used. 

In addition, not only an exchangeable chip type print- 
head, as described in the above embodiment, which can 
20 be electrically connected to the apparatus main unit and 
can receive an ink from the apparatus main unit upon 
being mounted on the apparatus main unit but also a car- 
tridge type printhead in which an ink tank is integrally ar- 
ranged on the printhead itself can be applicable to the 
25 present invention. " 

It is preferable to add recovery means for the print- 
head, preliminary auxiliary means, and the like provided 
as an arrangement of the printer of the present invention 
since the printing operation can be further stabilized. Ex- 
30 amples of such means include, for the printhead, cap- 
ping means, cleaning means, pressurization or suction 
means, and preliminary heating means using electro- 
thermal transducers, another heating element, or a com- 
bination thereof. It is also effective for stable printing to 
35 provide a preliminary discharge mode which performs 
discharge independently of printing. 

Moreover in each of the above-mentioned embodi- 
ments of the present invention, it is assumed that the ink 
is a liquid. Alternatively, the present invention may em- 
40 ploy an ink which is solid at room temperature or less 
and softens or liquefies at room temperature, or an ink 
which liquefies upon application of a use printing signal, 
since it is a general practice to perform temperature con- 
trol of the ink itself within a range from 30°C to 70° C in 
45 the ink-jet system, so that the ink viscosity can fall within 
a stable discharge range. 

In addition, in order to prevent a temperature rise 
caused by heat energy by positively utilizing it as energy 
for causing a change in state of the ink from a solid state 
50 to a liquid state, or to prevent evaporation of the ink, an 
ink which is solid in a non-use state and liquefies upon 
heating may be used. In any case, an ink which liquefies 
upon application of heat energy according to a printing 
signal and is discharged in a liquid state, an ink which 
55 begins to solidify when it reaches a printing medium, or 
the like, is applicable to the present invention. In this 
case, an ink may be situated opposite electrothermal 
transducers while being held in a liquid or solid state in 
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recess portions of a porous sheet or through holes, as 
described in Japanese Patent Laid-Open No. 54-56897 
or 60-71260. In the present invention, the above-men- 
tioned film boiling system is most effective for the 
above-mentioned inks. 

As described above, according to the embodiments, 
the positions of filter elements are pre-detected, and 
coloring of filter elements is performed while the relative 
positions between the orifice nozzles and the substrate 
are corrected. 

Further position correction is made not only in a sub- 
scanning direction, but also in a main-scanning direction, 
i.e., shifted positions of filter elements along the 
main-scanning direction are detected and discharge tim- 
ings of nozzles are corrected. This reduces defective 
color filters. 

The present invention is not limited to the above em- 
bodiments and various changes and modifications can 
be made within the spirit and scope of the present inven- 
tion. Therefore, to apprise the public or the scope of the 
present invention, the following claims are made. 



filter elements while scanning the filter elements in 
a main-scanning direction and a subscanning direc- 
tion 

s 5. The color-filter manufacturing method according to 
Claim 4, wherein while the discharge nozzle is 
scanned on an array of filter elements on one line in 
the main-scanning direction, a relative position of 
the discharge nozzle and the filter element in the 

10 subscanning direction is corrected. 

6. The color-filter manufacturing method according to 
Claim 4, wherein while the discharge nozzle is 
scanned on an array of filter elements on one line in 

15 the main-scanning direction, a relative position of 
the discharge nozzle and the filter element in the 
main-scanning direction is detected by a second 
sensor (1 20a3), and timing of discharging the color- 
ing material from the discharge nozzle is controlled 

20 based on the relative position detected by the sec- 
ond sensor. 



Claims 

1 . A color-filter manufacturing method for manufactur- 
ing a color filter (10) by coloring plural filter elements 
(10a) respectively in a predetermined color, on a 
substrate (12), characterized by comprising the 
steps of: 

detecting a position of a filter element on the 
substrate; 

correcting a relative position of the filter ele- 
ment and a discharge nozzle (108a, 108b, 108c) for 
discharging coloring material so that the filter ele- 
ment and the discharge nozzle are aligned, based 
on position information of the filter element detected 
at said detection step; and 

coloring the filter element by discharging the 
coloring material from the discharge nozzle, at a 
position after correction of the relative position at 
said correction step, to the filter element. 



7. The color-filter manufacturing method according to 
Claim 1 , wherein a distance between the discharge 

25 nozzle and the substrate is detected by a third sen- 
sor (122a, 122b, 122c), and wherein the discharge 
nozzle is scanned in a state where the distance 
between the discharge nozzle and the substrate is 
maintained constant, based on an output signal from 

30 the third sensor. 

8. The color-filter manufacturing method according to 
Claim 1 , wherein the discharge nozzle is included in 
an ink-jet head (IJH) for performing printing by dis- 
ss charging ink. 

9. The color-filter manufacturing method according to 
Claim 8, wherein the ink-jet head is a printhead that 
discharges ink utilizing thermal energy, and com- 

40 prises a thermal energy generator (102a, 102b, 
102c) for generating thermal energy to be supplied 
to the ink. 



2. The color-filter manufacturing method according to 
Claim 1 , wherein the position of the filter element is 
detected by a first sensor (120a1 , I20a2) at which 
the relative position of the filter element and the dis- 
charge nozzle is positioned in advance. 

3. The color-filter manufacturing method according to 
Claim 1 , wherein the plural filter elements are parti- 
tioned by a light-shielding portion (10b) formed in a 
predetermined pattern. 

4. The color-filter manufacturing method according to 
Claim 1 , wherein the large number of filter elements 
are arranged in a two-dimensional matrix form, and 
wherein the discharge nozzle sequentially colors the 



10. A color-filter manufacturing apparatus for manufac- 
^5 turing a color filter (10) by coloring a large number 
of filter elements (10a), respectively in a predeter- 
mined color, on a substrate (12), characterized by 
comprising: 

a discharge nozzle (108a, 108b, 108c)for dis- 
50 charging coloring material to color the filter element: 

moving means (22) for moving the discharge 
nozzle or the substrate, relatively to each other; 

a first position-detection sensor (120a1, 
120a2) : at which a relative position of the filter ele- 
55 ment and the discharge nozzle is set in advance, 
integrally provided with the discharge nozzle: and 

control means (30) for controlling said moving 
means so that the filter element and the discharge 
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nozzle are aligned, based on position information of 
the filter element detected by said first posi- 
tion-detection sensor, and controlling the discharge 
nozzle to discharge the coloring material, in a state 
where the filter element and the discharge nozzle 
are aligned, to color the filter element. 

11. The color-filter manufacturing apparatus according 
to Claim 10, wherein the plural filter elements are 
partitioned by a light-shielding portion (10b) formed 
in a predetermined pattern. 

12. The color-filter manufacturing apparatus according 
to Claim 10, wherein the plural filter elements are 
arranged in a two-dimensional matrix form, and 
wherein said control means scans the discharge 
nozzle on the filter elements or the substrate in a 
main-scanning direction and a subscanning direc- 
tion to sequentially color the filter elements all over 
the substrate while. 

13. The color-filter manufacturing apparatus according 
to Claim 12, wherein while the discharge nozzle or 
an array of filter elements on one line on the sub- 
strate is scanned in the main-scanning direction, 
said controls means corrects a relative position of 
the discharge nozzle and the filter element in the 
subscanning direction. 

14. The color-filter manufacturing apparatus according 
to Claim 12, characterized by further comprising a 

^ second position-detection sensor (120a3) for, while 
the discharge nozzle or on an array of filter elements 
on one line on the substrate is scanned in the 
main-scanning direction, detecting a relative posi- 
tion of the discharge nozzle and the filter element in 
the main-scanning direction, wherein said control 
means controls timing of discharging the coloring 
material from the discharge nozzle, based on the rel- 
ative position detected by the second sensor. 

15. The color-filter manufacturing apparatus according 
to Claim 10, characterized by further comprising a 
third position -detection sensor (122a, 122b, 122c) 
for detecting a distance between the discharge noz- 
zle and the substrate, wherein said control means 
scans the discharge nozzle in a state where the dis- 
tance between the discharge nozzle and the sub- 
strate is maintained constant, based on an output 
signal from the third sensor. 

16. The color-filter manufacturing apparatus according 
to Claim 10, wherein the discharge nozzle is 
included in an ink-jet head (IJH) for performing print- 
ing by discharging ink. 

17. The color-filter manufacturing apparatus according 
to Claim 16, wherein the ink-jet head is a printhead 



that discharges ink utilizing thermal energy, and 
comprises a thermal energy generator (102a, 102b, 
102c) for generating thermal energy to be supplied 
to the ink. 

5 

18. An ink-jet head (IJH) for coloring plural filter ele- 
ments (10a), respectively in a predetermined color, 
on a substrate (12), by discharging coloring material, 
characterized by comprising: 

w a discharge nozzle (108a, 108b, 108c) for dis- 

charging the coloring material; and 

detection means (120a1, 120a2, 120a3) for 
detecting a relative position of the discharge nozzle 
and the filter element. 

15 

1 9. The ink-jet head according to Claim 1 8, wherein said 
ink-jet head is a printhead that discharges ink utiliz- 
ing thermal energy, and comprises a thermal energy 
generator (102a, 102b, 102c) for generating thermal 

20 energy to be supplied to the ink. 

20. A color filter (10) manufactured by coloring a plural 
filter elements (10a), respectively in a predeter- 
mined color, on a substrate (12), said color filter, 

25 being manufactured by a method characterized by 
comprising the steps of: 

detecting a position of a filter element on the 
substrate; 

correcting a relative position of the filter ele- 
30 ment and a discharge nozzle (108a, 108b, 108c) for 
discharging coloring material so that the filter ele- 
ment and the discharge nozzle are aligned, based 
on position information of the filter element detected 
at said detection step: and 
35 coloring the filter element by discharging the 

coloring material from the discharge nozzle, -at a 
position after correction of the relative position at 
said correction step, to the filter element. 

40 21. A display device having a color filter (10) manufac- 
tured by coloring plural filter elements (1 0a), respec- 
tively in a predetermined color, on a substrate (12), 
characterized by comprising: 

said color filter being manufactured by a 
45 method comprising the steps of: 

detecting a position of a filter element on 
the substrate; 

correcting a relative position of the filter 
element and a discharge nozzle for discharging 
so coloring material so that the filter element and the 
discharge nozzle are aligned, based on position 
information of the filter element detected at said 
detection step; and 

coloring the filter element by discharging 
55 the coloring material from the discharge nozzle, at 
a position after correction of the relative position at 
said correction step, to the filter element: and 

light-amount varying means (252) for varying 
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amount of light, integrally used with said color filter. 

22. An apparatus comprising a display device having a 
color fitter (10) manufactured by coloring a large 
number of filter elements (10a), respectively in a pre- s 
determined color on a substrate (1 2), characterized 
by comprising: 

said display device comprising: 

said color filter being manufactured by a 
method comprising the steps of: 10 

detecting a position of a filter ele- 
ment on the substrate: 

correcting a relative position of the 
filter element and a discharge nozzle (108a ; 108b, 
108c) for discharging coloring material so that the is 
filter element and the discharge nozzle are aligned, 
based on position information of the filter element 
detected at said detection step; and 

coloring the filter element by dis- 
charging the coloring material from the discharge 20 
nozzle, at a position after correction of the relative 
position at said correction step, to the filter element; 
and 

light-amount varying means (252) for 
varying amount of light integrally used with said 25 
color filter; and 

image-signal supply means (1807, 1808) for 
supplying an image signal to said display device. 
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FIG. 12 
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